Abstract Neurogenic compromise of vocal fold function exists along a continuum encompassing variable degrees and patterns of partial denervation (paresis). Not abundantly recognized until recently, vocal fold paresis is probably a significant source of vocal disability, especially among cases that have eluded straightforward diagnosis. It presents with symptoms of glottic insufficiency, and probably follows a clinical course analogous to that of paralysis. As a result of preserved gross mobility, paresis can be difficult to diagnose and distinguish from innocent asymmetries of laryngeal motion. Both laryngoscopy/ stroboscopy and electromyography are useful in diagnosis despite both of them having important limitations. Because of these, trials of treatment are uniquely useful in vocal fold paresis. Significant disagreement persists regarding incidence, causes, signs, and association with other diseases. Treatment consists of medialization and/or augmentation procedures that do not compromise remaining neural function.
Introduction
For most of the twentieth century, otolaryngologists conceptualized vocal fold paralysis as an all-or-none phenomenon, with paralysis-or, more precisely, absence of motion-the product of a complete lack of neural input. Electrophysiologic investigations have shown that vocal fold paralysis is in fact a surprisingly heterogeneous clinical condition [1, 2 • , 3] . It is probably best considered as a continuum of neurogenic dysfunction, with the position of the vocal fold determined by a complex interaction between the degree of initial denervation and the degree and pattern of reinnervation. Given this potential for variability in nerve damage, it should come as no surprise that paresis, or partial paralysis in which some gross vocal fold mobility is preserved, exists as a clinical entity.
Although the existence of vocal fold paresis is beyond doubt, its incidence, presentation, and clinical significance remain under discussion. At the core of the debate is diagnosis, typically made on the basis of the observation of asymmetries of laryngeal motion. Distinguishing significant asymmetries from innocent findings may represent the greatest challenge in paresis, and electrophysiologic testing may not be as reliable a tool as is generally believed.
Epidemiology

Causes
Like paralysis, paresis appears to result from trauma to one or more laryngeal nerves, a variety of medical conditions, or damage from yet to be identified factors, designated ''idiopathic.'' Malignant disease, an important category in the causes of paralysis, is notably rare, perhaps because its inherently progressive nature results in the rapid evolution of any paresis to paralysis before the patient comes to medical attention. A study of 60 patients has shown that imaging has no yield in cases of paresis [4] . The causes identified in the two series of paresis that have appeared in the literature are presented in Table 1 . The lack of overlap in the categories (excepting ''idiopathic'') is striking and suggests that otolaryngologists are still approaching the topic with individual notions of causation rather than any consensus. In addition to these causes, vocal fold paresis has been reported to result from myasthenia gravis [5, 6] , Charcot-Marie-Tooth neuropathy [7] , spinocerebellar atrophy [8] , implantation of vagal nerve stimulators [9, 10] , thyroid disease [11] , thymoma [12] , and probably other neurologic insult or systemic disease.
Incidence
Some have argued that paresis of one or more laryngeal nerves, and in particular superior laryngeal nerve paralysis, is prevalent among patients with voice disorders; incidences as high as 80 % have been proposed [13] . Were that approximately accurate, it would imply that the laryngeal nerves are uniquely fragile among cranial nerves; no other peripheral nerve has nearly as a high incidence of dysfunction. There is no physiologic or pathologic basis for belief that the larynx is handicapped in this way.
The available literature, although scant, offers a different picture. Heman-Ackah and Barr [ [16] published one of the few series to report paresis alongside paralysis; 29 cases of paresis were identified in 1 year, compared with 46 cases of paralysis. Another series restricted to superior laryngeal nerve paralysis-itself a contentious diagnosis-reported 71 cases of paresis and 55 cases of paralysis identified over 7 years [17] . These findings suggest that vocal fold paresis is not common, and appears to occur with about the same incidence as paralysis. When we take into account that each of these articles reports the experience of a specialized laryngology practice, vocal fold paresis is likely even less prevalent in the general population. As for so many other aspects of this disorder, more data are essential.
Prognosis
There is virtually no evidence regarding the clinical course of vocal fold paresis. Common sense suggests that it is probably analogous to that of paralysis; there is some potential for spontaneous improvement and even full recovery in the 6-12 months following onset. As the injury in incomplete, and neural conduits for regeneration are by definition preserved, this potential very likely exceeds that of paralysis. On the other hand, because of the relative mildness of the symptoms and the subtle examination findings, many patients tend to come for diagnosis relatively late in their clinical course, after the period for spontaneous recovery has elapsed.
Clinical Presentation and Diagnosis
Symptoms
As one would expect, symptoms of paresis are predominantly those of glottic insufficiency, even when both sides of the larynx are involved. This is because it is rare for paresis to be so dense that it impairs abduction to the extent that the airway is meaningfully narrowed. On the other hand, phonatory glottic function is affected by even mild deficits of neural input. Even when glottic closure appears grossly adequate, asymmetries in vocal fold tension may affect pitch, vocal stamina, and high-intensity or lowintensity phonation.
Hoarseness is the commonest complain of patients with vocal fold paresis [15 •• , 18 •• ]. In addition to rough voice quality, patients may complain of breathy voice, breathlessness during voicing, increased phonatory effort, difficulty in speaking over background noise or being heard at a distance, and fading of voice with use and pitch limitations [15 •• ] . Symptoms may be present only in adverse acoustic environments-when teaching class, for example, or when speaking outdoors. Symptoms commonly become more pronounced over the course of the day, as compensatory mechanisms fatigue. As with idiopathic vocal fold paralysis, it is not unusual for symptoms to began after an upper respiratory tract infection. Associated swallowing symptoms are rare.
Although we concern ourselves predominantly with paresis of laryngeal motor nerves in this article, there is no reason to suppose that sensory paresis may not also exist, [21] , lending credence to such speculation. Laryngeal neuropathy has also been hypothesized to contribute to an entire spectrum of laryngeal movement abnormalities, including paradoxical vocal fold motion, paroxysmal vocal cord dysfunction, and so-called irritable larynx syndrome. Sorting among this poorly defined body of diagnoses and descriptions has been made challenging by important ambiguities and contradictions in the current terminology, and remains beyond the scope of this review.
Signs: Laryngoscopy
It is not much of an exaggeration to say that a determined observer may find signs of paresis in virtually every larynx.
In contrast to systems such as the extraocular muscles in humans, where discoordination carries a functional disadvantage, it is likely that there is some evolutionary tolerance for asymmetry in vocal fold motion. So long as glottic closure is adequate and brisk, abduction or adduction lags probably have no impact on airway protection. Thus, much asymmetry in vocal motion is probably without clinical significance. Yet it may also be the only clinical sign of paresis.
The subject is usually discussed on the basis of expert opinion; only recently has it been subjected to critical study. As often happens in the absence of evidence, opinions are strongly held. In general, vocal fold hypomobility and glottic insufficiency are usually considered to be the commonest signs of motor paresis. In practice, such signs can be difficult to discern because of their subtlety, and even more difficult for practitioners to agree about. Height mismatch is perhaps the quintessential example of such a finding, often invoked but rarely with consensus. ''Bowing'' is a particularly imprecise, essentially descriptive term that refers to a concavity of the membranous vocal fold which may result from hypotonia or atrophy, the latter not necessarily neurogenic. It is sometimes even used as a diagnosis, but is probably best avoided altogether because of its ambiguity.
Fleischer et al. [22] have pointed out that observation of arytenoid motion may be misleading and have emphasized the importance of observing the vocal process and the membranous vocal fold itself. In contrast, Sufyan et al. [23 • ] have presented a well-reasoned argument in favor of observing arytenoid rotation as a sign of lateral cricoarytenoid paresis especially. Using a systematic approach for evaluation, their observations proved to have high interrater reliability. Rubin et al. [24] have described the use of repetitive phonatory tasks during examination to fatigue inadequately innervated musculature to accentuate vocal fold hypomobility. Carroll et al. [25 • ] have formally described a method used by many to estimate glottic insufficiency using frame-by-frame analysis of the glottal cycle as recorded on stroboscopy. Belafsky et al. [26 • ] have pointed out that supraglottic hyperfunction is a sign of underlying glottic insufficiency, and should by itself raise the question of paresis, especially when asymmetric. This feature is particularly useful in clinical practice because it is more distinct than many others.
Strobovideolaryngoscopy offers a means of assessing the characteristics of vocal fold vibration in addition to gross motion. Because these reflect differences in underlying vocal fold tension, they would be expected to be more sensitive to the presence of mild paresis. A case report suggests a similar potential for high-speed imaging [12] . Indeed, vibratory asymmetry-including differences in phase and amplitude-has been shown to correlate well with the presence electromyographic abnormalities, but expert judges fared poorly in their attempts to identify the side of the paresis on the basis of the asymmetry [27] .
Superior laryngeal nerve paresis and paralysis is often discussed as a separate subgroup, probably with little justification given the established variability in laryngeal neuropathy, except in the case of surgical injury. It has been the subject of the sole in vivo experimental study in this area. Roy et al. [28] distributed examinations of subjects with lidocaine-induced and electromyographically verified superior laryngeal nerve palsies to blinded observers. The only reliable sign proved to be deviation of the petiole of the epiglottis to the side of the paresis during high-pitched phonation, a sign never before advocated by even the most opinionated practitioner, and certainly not used clinically. Its clinical utility awaits further study, and the work of Roy et al. reminds us to be circumspect in our assumptions, and perhaps above all to remain humble.
Before we leave the subject of laryngoscopy, it is worth remembering that paresis may be the cause of other pathologic findings in the larynx. Two groups have pointed out the relation between contact lesions and underlying glottic insufficiency from paresis [29, 30] . Koufman and Belafsky [31] have suggested that pseudocysts-fusiform, translucent lesions of the vibratory margin-are invariably a consequence of underlying paresis. The hypothesized mechanism is increased sheering trauma from effortful glottic closure. Although intriguing, this explanation remains problematic, as it does not easily account for the preponderance of these lesions in women, nor the nearuniversal unilaterality of the lesion (trauma for effortful glottic closure is presumably imparted bilaterally), nor the fact that most such lesions do not recur after surgical removal. Furthermore, even casual reflection reveals that such lesions are almost never seen in cases of frank paralysis, even when glottic closure is adequate, as after spontaneous improvement or medialization. These issues notwithstanding, the alert examiner may still use the presence of such lesions to direct his or her attention to the possibility of an underlying paresis.
Electromyography
Virtually every author to address the subject of paresis has remarked on the discrepancy between clinical observations and electromyographic findings [14 •• , 15 •• , 24, 32] . In one series, about one in four patients had electromyographic findings not predicted by the endoscopic examiner [33 • ]; in another, the incidence of unexpected findings was higher still-about 40 % [14 •• ] . The presence of innocent asymmetries in laryngeal motion, to which I alluded earlier, is no doubt a confounder here as well.
Often dismissed as being subjective, laryngeal electromyography can be less so than laryngoscopy and stroboscopy in the case of neural compromise. Findings of fibrillations, positive sharp waves, or polyphasic motor unit action potentials are clear and unambiguous signs of neurologic impairment, either new or old. Unfortunately, in paresis, such frankly abnormal findings are not always present or discernable against the signal of preserved muscle activity. There may be only decreased recruitment of otherwise normal appearing motor unit action potentials. Because this relative change can be small, and mimicked by incomplete muscle activation, or suboptimal needle placement, there remains a role for physician judgment and-inevitably-error. Another feature is perhaps of even greater significance: the maximal interference pattern in striated muscle is typically present at only 30 % of maximal isometric contraction, leaving open the possibility that even fairly substantial paresis may be completely overlooked by electromyography. Thus, although its specificity for vocal fold paresis is probably high, its sensitivity is certainly less, and potentially much lower that we suspect. Although electromyography can provide information that laryngoscopy cannot, it is not clear that it is a more accurate tool than laryngoscopy or stroboscopy, and there may be little basis for regarding it as the gold standard for diagnosis of vocal fold paresis, as very many studies do.
Treatment
In published reports, patients with vocal fold paresis have been reported to respond to steroids and antiviral agents, voice therapy, injection augmentation, and unilateral or bilateral medialization laryngoplasty. Because the vocal fold retains substantial movement, procedures which require immobilization of the arytenoid, such as arytenoid adduction, are not useful. For similar reasons, reinnervation is poorly suited to the diagnosis, because even in cases of complete paralysis reinnervation cannot restore motion beyond the level to which it is usually preserved in paresis to begin with.
In light of the diagnostic difficulties examined herein, it is worth highlighting the use of treatment for diagnosis. The renewed availability of low-morbidity injection augmentation in the office, made possible by the advent of improved visibility from distal-chip endoscopes and more forgiving injectable materials, has made it possible to contemplate a treatment trial even in patients in whom the diagnosis is not certain [34, 35] . Symptomatic improvement after injection augmentation validates the diagnosis more directly than either laryngoscopy or electromyography. Although it is perhaps less elegant than diagnosis by these two modalities, it also directly answers the very practical question: ''Will augmentation help this patient's symptoms?'' As a result, trial injection augmentation may be the most reliable and practical means of investigating the diagnosis of vocal fold paresis today.
Conclusions
Despite a sound pathophysiologic basis for the existence of paresis, interest in and acceptance of the diagnosis of paresis is relatively recent. Most aspects of this entityincluding prevalence, causative factors, natural history, laryngoscopic and stroboscopic signs, and relation to other diseases-continue to require clarification. There is good reason to suppose that paresis yields a clinical picture at least as heterogeneous as that of paralysis and a good deal subtler. Diagnosis remains the greatest challenge, as laryngoscopy does not reliably distinguish innocent laryngeal asymmetries from those due to paresis. Electromyography may be less reliable than initially appreciated, principally because of a lack of sensitivity. In this context, treatment trials may assume greater importance until diagnostic tools are refined.
The most encouraging aspect is that the means to help most patients with paresis already exists in the repertoire of interventions developed to treat paralysis. Its effective application, however, depends very much on diagnostic accuracy.
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